Effect of dithiothreitol on the catalytic activity, quaternary structure and sulfonamide-binding properties of an extracellular carbonic anhydrase from Chlamydomonas reinhardtii.
Extracellular carbonic anhydrase from the unicellular green alga Chlamydomonas reinhardtii is an oligomeric protein containing subunits of 36 and 4 kDa which are joined by disulfide bonds to form higher molecular mass oligomers. In this study, the effect of dithiothreitol on some properties of the enzyme were examined. Dithiothreitol caused a 40% activation of the catalytic activity of the enzyme at low concentrations (0.1 mM), but an inactivation of about 85% of the catalytic activity at high (50 mM) concentrations. Chemical cross-linking of the enzyme with dimethyl suberimidate revealed the existence of oligomers containing up to three large subunits and at least two small subunits. Cross-linking analysis of dithiothreitol-treated carbonic anhydrase revealed that 0.1 mM dithiothreitol had no effect on the subunit composition of the enzyme, but 10 or 50 mM caused subunit dissociation, including the apparent complete dissociation of the small subunits from the large subunits. There was a characteristic enhancement of dansylamide fluorescence when this fluorescent sulfonamide bound carbonic anhydrase and the fluorescence enhancement was retained following the dithiothreitol-induced dissociation of the enzyme. These results indicate that disulfide bonds are essential for maintenance of the oligomeric structure of Chlamydomonas reinhardtii carbonic anhydrase, and that the small subunit may be necessary for enhancing catalysis, but not for the binding of sulfonamides to the enzyme.